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ANTENNA ARRANGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Finnish Application
No. 20203470, filed May 11, 2020, the entire contents of
which are incorporated herein by reference.

TECHNOLOGICAL FIELD

Embodiments of the present disclosure relate to an
antenna arrangement. Some relate to a dual linear-polanzed
antenna arrangement.

BACKGROUND

Dual linear-polarized antenna arrangements often com-
prise a first dipole radiator oriented 1n a first polarization
direction and a second dipole radiator oriented 1n a second
polarization direction which 1s orthogonal to the first polar-
1zation direction.

It can be difficult to stmultaneously optimize the antenna
arrangement so that S-parameters have a suitably large
bandwidth at a target frequency and there 1s suilicient
1solation between the radiators.

The problem can be even greater in arrays ol dual
linear-polarized antenna arrangements that are use for beam
steering, as suilicient 1solation needs to be maintained across
a range ol beam steering angles.

BRIEF SUMMARY

According to various, but not necessarily all, embodi-
ments there 1s provided an antenna arrangement comprising;:

a patch radiator;

a feed arrangement, for the patch radiator; and

a cavity for the feed arrangement, wherein

the feed arrangement comprises a slot 1 a conductive
layer located between the patch radiator and the cavity.

In some but not necessarily all examples, the feed
arrangement comprises at least two feed conductors
arranged adjacent the conductive layer wherein each of the
feed conductors extend over different portions of the slot.

In some but not necessarily all examples, the feed con-
ductors extends across the slot 1n a direction perpendicular
to the slot, and wherein the feed conductors have diferent
orientations

In some but not necessarily all examples, the feed con-
ductors have different orientations that are mutually offset
by 90°.

In some but not necessarily all examples, the slot 1s
galvanically separated from the patch radiator.

In some but not necessarily all examples, the feed
arrangement comprises a first pair of feed conductors that
extend over diflerent portions of the slot, are aligned and are
oriented 1n a first direction and wherein the feed arrange-
ment comprises a second pair of feed conductors that extend
over different portions of the slot, are aligned and are
oriented 1n a second direction that 1s orthogonal to the first
direction.

In some but not necessarily all examples, the feed
arrangement 1s a balanced feed arrangement wherein at an
operational frequency band, conductive interconnects to the
first pair of feed conductors, of different lengths, imntroduce
a 180° phase difference between the first pair of feed
conductors which are connected as open-circuit and con-
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2

ductive interconnects to the second pair of feed conductors,
of different lengths, introduce a 180° phase diflerence
between the second pair of feed conductors.

In some but not necessarily all examples, the conductive
layer 1s planar.

In some but not necessarily all examples, the slot 1s an
clongate slot that forms a closed loop.

In some but not necessarily all examples, the slot 1s
sinuous comprising multiple bends of different handedness.
In some but not necessarily all examples, the patch
radiator 1s rotationally symmetric.

In some but not necessarily all examples, the patch
radiator has a first dimension 1n a first direction that corre-
sponds to hallf a wavelength at an operational frequency
band of the antenna arrangement and has a second dimen-
s1on 1n a second direction that corresponds to hall a wave-
length at the operational frequency band of the antenna
arrangement.

In some but not necessarily all examples, the patch
radiator has a three-dimensional shape.

In some but not necessarily all examples, one of an
exterior perimeter of the patch radiator and an exterior
perimeter of the slot are circular.

In some but not necessarily all examples, a base station
comprises an array of antenna arrangements.

According to various, but not necessarily all, embodi-
ments there 1s provided examples as claimed 1n the
appended claims.

BRIEF DESCRIPTION

Some examples will now be described with reference to
the accompanying drawings 1n which:

FIG. 1A shows an example of the subject matter described
herein;

FIG. 1B shows another example of the subject matter
described herein;

FIG. 1C shows
described herein;

FIG. 2A shows

described herein;

FIG. 2B shows
described herein;

FIG. 3A shows
described herein;

FIG. 3B shows
described herein;

FIG. 4 shows another example of the subject
described herein; and

FIG. § shows another example of the subject
described herein.

another example of the subject matter

of the

another example subject matter

of the matter

another example subject

of the

another example subject matter

of the matter

another example subject
matter

matter

DETAILED DESCRIPTION

The FIGs illustrate examples of an antenna arrangement
10 comprising:

a patch radiator 20; a feed arrangement 40, for the patch
radiator 20; and

a cavity 350 for the feed arrangement 40.

The feed arrangement 40 comprises a slot 30 1n a con-
ductive layer 60. The slot 30 1s located between the patch
radiator 20 and the cavity 50.

The slot 30 1s a through aperture that extends through the
conductive layer 60. The slot 1s an elongate aperture. It 1s
much longer than 1t 1s wide.
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The antenna arrangement 10 can be used for transmission
of far field radio waves and/or reception of far field radio
waves.

In some examples, an antenna system 12 comprises an
array 12 of antenna arrangements 10.

FIG. 1A 1illustrates, in perspective view, an array 12 of
antenna arrangements 10. FIG. 1B 1illustrates one of those
antenna arrangements 10. FIG. 1B 1illustrates the antenna
arrangement 10 of FIG. 1B without the conductive layer 60,
exposing the cavity 30.

FIGS. 2A and 2B 1illustrate a feed arrangement 40 suitable
for an antenna arrangement 10, for example, the antenna
arrangement 10 of FIG. 1B. FIG. 2A and FIG. 2B 1llustrate
opposing sides of the conductive layer 60.

FIG. 3 A 1illustrates, 1n perspective view, another array 12
of antenna arrangements 10. FIG. 3B 1llustrates an exploded
view of the array 12 of antenna arrangements 10 illustrated
in FIG. 3A. FIG. 4 illustrates 1n perspective cross-sectional
view one of the antenna arrangements 10 of FIGS. 3A and
3B.

FIG. 5 illustrates a base station 100 that comprises an
array 12 of antenna arrangements 10.

In these examples, the antenna arrangements 10 have dual
linear polarization. The feed arrangement 40 1s dual polar-
1zed and comprises at least two feed conductors 42A, 428
one for each orthogonal linear polarization. The feed con-
ductors 42 A, 42B are arranged adjacent the conductive layer
60. As illustrated 1n FIGS. 2A and 2B each of the feed
conductors 42A, 42B extends over different portions of the
slot 30. The feed conductors 42A, 42B overlap the slot and
extend across both an exterior perimeter of the slot and an
interior perimeter of the slot.

In some but not necessarily all examples, the feed con-
ductors 42A, 42B extends across the slot 30 in a direction
perpendicular to the slot 30. However, other angles may be
possible.

In some but not necessarily all examples, the feed con-
ductors 42A, 42B have diflerent orientations that are mutu-
ally offset by 90°.

In the examples illustrated, the feed arrangement 40
comprises a first pair of feed conductors 42A that extend
over diflerent opposing portions of the slot 30. The first pair
of feed conductors 42 A are aligned and are oriented 1n a {irst
direction 70. The feed arrangement 40 also comprises a
second pair of feed conductors 42B that extend over difler-
ent opposing portions of the slot 30. The second pair of feed
conductors 42B are aligned and are oriented in a second
direction 72 that i1s orthogonal to the first direction 70.

The feed arrangement 40 can be a balanced feed arrange-
ment 40. First conductive interconnects 44A couple to the
first pair of feed conductors 42A. The first conductive
interconnects 44A are of diflerent physical (and electrical)
length, and are configured to introduce, at an operational
frequency band, a 180° phase difference between the first
pair of feed conductors 42A. FEach of the first pair of feed
conductors 42A can terminate 1n an open-circuit impedance
(high impedance). Second conductive interconnects 44B
couple to the second pair of feed conductors 42B. The
second conductive interconnects 448 are of different physi-
cal (and electrical) length, and are configured to introduce,
at the operational frequency band, a 180° phase diflerence
between the second pair of feed conductors 42B which are
connected as open-circuit.

This balanced feed, for each of the dual linear polariza-
tions, provides better 1solation between the polarizations.
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The conductive layer 60 can be grounded (earthed) and
form a ground plane. The conductive layer 60 can be a
ground plane or part of a larger ground plane.

The conductive layer 60 can for example be provided as
a planar layer and can be supported by a dielectric substrate.

The conductive layer 60 can for example be provided as
a printed circuit board (PCB).

In the example, illustrated 1mn FIGS. 2A and 2B, a single
first conductive interconnect 44A travels along one side of
the PCB (FIG. 2A), then travels through a via in the PCB to
the other side of the PCB where (FIG. 2B) 1t splits to provide
the first conductive interconnects 44 A of diflerent lengths to
the respective first pair of feed conductors 42A. Also a single
second conductive interconnect 44B travels along one side
of the PCB (FIG. 2A), then travels through a via in the PCB
to the other side of the PCB where (FIG. 2B) 1t splits to
provide the second conductive interconnects 448 of differ-
ent lengths to the respective second pair of feed conductors
42B.

In some but not necessarily all examples, the side of the
PCB that comprises the pairs of feed conductors 42A, 428
1s the side furthest from the patch radiator 20 as 1s within the
cavity 50.

The patch radiator 20 1s slot-fed by the slot 30. The slot
30 itself radiates from beneath the patch radiator 20 to feed
the patch radiator 20. This avoids soldering.

The slot 30 1s long and narrow and curves round on 1ts self
to form a closed loop. In the examples illustrated, the slot
has a constant width along 1ts length. Its length 1s greater
than 30 times 1ts width.

The slot 30 has rotational symmetry. In the examples
illustrated 1t has a shape with at least four degrees of
rotational symmetry. That 1s, 1t 1s 1somorphic under a rota-
tion of 90° about a central point.

The patch radiator 20 1s formed from conductive matenial.
It can for example be formed from metal or from non-
conductive substrate covered in conductive material. The
non-conductive substrate can for example be formed from a
non-conductive dielectric material, for example at least one
of: plastic, FR4 PCB material, ceramic material, and other
known RF-suitable dielectric matenals.

The patch radiator 20 has rotational symmetry. In the
examples 1llustrated it has a shape with at least four degrees
of rotational symmetry. That 1t 1s 1somorphic under a rota-
tion of 90° about a central point.

The patch radiator 20 1s sized to operate at an operational
frequency band. It has a first dimension in the first direction
70 that corresponds to half a wavelength at the operational
frequency band of the antenna arrangement 10 and has a
second dimension in the second direction 72 that corre-
sponds to half a wavelength at the operational frequency
band of the antenna arrangement 10. The size of the first
dimension and the second dimension can be the same.

The patch radiator 20 1s supported by a support 64 that
extends through an aperture 62 1n the conductive layer 60 at
a central location within an inner perimeter of the slot 30.

The support 64 1n the examples illustrated 1s a post that
extends upwards from a base of the cavity 50. It 1s connected
to the center of the patch radiator 20. This connection can be
galvanic (electrically conductive of direct current) or 1so-
lated (electrically insulated). The support 64 can for example
be formed from a block of conductive material, such as
metal that has material removed to form the cavity 30. The
centre position of the support with respect to the patch
radiator 20 grounds the patch radiator but, because of its
central location, 1n a way that does not aflect the operation
of the patch radiator 20.
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The cavity 50 1s a grounded conductive cavity. It can, for
example, be formed 1n a metal or conductive base. The base
can, for example, be formed from die cast aluminium.
Alternatively, the cavity can be formed by coating a non-
conductive substrate 1n conductive material. The non-con-
ductive substrate can for example be formed from a non-
conductive dielectric maternial, for example at least one of:
plastic, FR4 PCB material, ceramic material, and other
known RF-suitable dielectric materials. In some examples,
stacked PCBs could be used to define the cavity 30. A lower
grounded PCB could, for example, provide a base of the
cavity 50. Upper grounded PCB or PCBs, which 1s/are
stacked on top of the lower PCB and athixed thereto, could
have a cut-out area that defines the sidewalls of the cavity 50
by creating a via.

The patch radiator 20 can enclose the cavity 50.

The cavity 50 can be sized and shaped to operate as a
reflector for the slot 30. There can, for example, be a distinct
cavity 50 for each slot 30.

The cavity 50 1s relatively shallow. It can for example
have a depth between 5 and 4 of a wavelength at the
operational frequency band of the antenna arrangement 10.
This may correspond to a depth of a few mm 1n some
examples.

In the FIGs, the example 1llustrated in FIGS. 1A, 1B, 1C
and the example 1llustrated 1mn FIGS. 3A, 3B, 4 have some
common properties as described above.

Also, 1n each of the examples, one of the patch radiator 20
and the slot 30 has an exterior perimeter that 1s circular and
the other one of the patch radiator 20 and the slot 30 has an
exterior perimeter that has four degrees of rotational sym-
metry.

In the example 1llustrated 1n FIGS. 1A, 1B, 1C the slot 30
has an exterior (and 1nterior) perimeter that is circular and
the patch radiator 20 has an exterior perimeter that 1s
non-circular and has four degrees of rotational symmetry. In
this example, the patch radiator 1s a two-dimensional shape
being shaped 1n two-dimensions but not the third dimension.

In the example illustrated 1n FIGS. 3A, 3B, 4 the patch
radiator 20 has an exterior perimeter that 1s circular and the
slot 30 has an exterior (and interior) perimeter that 1s
non-circular and has four degrees of rotational symmetry. In
this example, patch radiator 20 1s a three-dimensional shape.
The slot 30 lies 1n a two-dimensional plane. The slot 30 1s
sinuous comprising multiple bends of different, alternating
handedness. This allows a greater length of slot 30 to enclose
a smaller area. The curved/meandering shape of the closed-
loop slot 30 provides suflicient electrical length at the
operational frequency band to achieve i1solation between
feed conductors 42A, 42B.

FI1G. 5 1llustrates an example of a base station comprising,
an antenna arrangement 10, for example, 1t can comprise an
array 12 of antenna arrangements 10 as previously
described.

The array 12 of antenna arrangements 10 can in some
examples be configured for operation as active antennas that
perform digital beamforming and beam steering. The array
12 of antenna arrangements 10 1s suitable for massive
multiple-input multiple-output (mMIMO) operation.

The array 12 of antenna arrangements 10 can 1n some
examples be configured for digital beam steering at a wide
operational bandwidth below 6 GHz. The beam steering can,
for example, steer at least +/—60° from the boresight 1n the
azimuthal (horizontal) direction and at least +/10° from the
boresight in the polar (vertical) direction.

The cross-polar discrimination can, for example, be >20
dB at boresight and >10 dB over the whole steering range.
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The antenna arrangements 10 described have good side
lobe suppression at extreme steering angles because the
antenna arrangements 10 have wide half power beamwidth.
This same array gain can be obtained on sector edges with
less beamsteering.

Where a structural feature has been described, it may be
replaced by means for performing one or more of the
functions of the structural feature whether that function or
those functions are explicitly or implicitly described.

The operational frequency band may be within or cover a
low band (0.7 to 0.96 GHz), a lugh band (1.7 to 2.7 GHz)

or a very high band (3.3 to 3.8 GHz).

The operational frequency band may be within or cover
400-10 GHz. The operational frequency band may be within
or cover 2500-2690 MHz. The operational frequency band
may be within or cover 3400-3800 MHz.

The operational frequency bands, for example the first
frequency band, the second frequency band and the third

frequency band may be within or cover (but are not limited

to) Long Term Evolution (LTE) (US) (734 to 746 MHz and
869 to 894 MHz), Long Term Evolution (LTE) (rest of the
world) (791 to 821 MHz and 925 to 960 MHz), amplitude
modulation (AM) radio (0.535-1.705 MHz); {requency
modulation (FM) radio (76-108 MHz); Bluetooth (2400-
2483.5 MHz); wireless local area network (WLAN) (2400-
2483.5 MHz); hiper local area network (HiperLAN) (5150-
5850 MHz); global positioming system (GPS) (1570.42-
1580.42 MHz); US—Global system for mobile
communications (US-GSM) 850 (824-894 MHz) and 1900
(1850-1990 MHz); European global system for mobile com-
munications (EGSM) 900 (880-960 MHz) and 1800 (1710-
1880 MHz); European wideband code division multiple
access (EU-WCDMA) 900 (880-960 MHz); personal com-
munications network (PCN/DCS) 1800 (1710-1880 MHz);
US wideband code division multiple access (US-WCDMA)
17700 (transmuat: 1710 to 1755 MHz, receive: 2110 to 2155
MHz) and 1900 (1850-1990 MHz); wideband code division
multiple access (WCDMA) 2100 (transmit: 1920-1980
MHz, receive: 2110-2180 MHz); personal communications
service (PCS) 1900 (1850-1990 MHz); time division syn-
chronous code division multiple access (TD-SCDMA)
(1900 MHz to 1920 MHz, 2010 MHz to 2025 MHz), ultra
wideband (UWB) Lower (3100-4900 MHz); UWB Upper
(6000-10600 MHz); digital video broadcasting—handheld
(DVB-H) (470-702 MHz); DVB-H US (1670-1675 MHz);
digital radio mondiale (DRM) (0.15-30 MHz); worldwide
interoperability for microwave access (WiMax) (2300-2400
MHz, 2305-2360 MHz, 2496-2690 MHz, 3300-3400 MHz,
3400-3800 MHz, 5250-3875 MHz); digital audio broadcast-
ing (DAB) (174.928-239.2 MHz, 1452.96-1490.62 MHz);
radio frequency identification low frequency (RFID LF)
(0.125-0.134 MHz); radio frequency identification high fre-
quency (RFID HF) (13.56-13.56 MHz); radio frequency
identification ultra high frequency (RFID UHF) (433 MHz,
865-956 MHz, 2450 MHz) and frequency bands for 5G.

A frequency band over which an antenna can efliciently
operate 1s a frequency range where the antenna’s return loss
1s less than an operational threshold 64. For example,
cilicient operation may occur when the antenna’s return loss
S11 1s better than (that 1s, less than) -15 dB.

An operational bandwidth may be defined as where the
return loss S11 1s better than an operational threshold T such
as, for example, —15 dB.

As used here ‘module’ refers to a unit or apparatus that
excludes certain parts/components that would be added by
an end manufacturer or a user.
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The array 12 of antenna arrangements 10 can be a module.
An antenna arrangement 10 can be a module.

The above described examples find application as
enabling components of:

automotive systems; telecommunication systems; elec-
tronic systems including consumer electronic products; dis-
tributed computing systems; media systems for generating,
or rendering media content including audio, visual and audio
visual content and mixed, mediated, virtual and/or aug-
mented reality; personal systems including personal health
systems or personal fitness systems; navigation systems;
user interfaces also known as human machine interfaces;
networks including cellular, non-cellular, and optical net-
works; ad-hoc networks; the internet; the internet of things;
virtualized networks; and related software and services.

The term ‘comprise’ 1s used in this document with an
inclusive not an exclusive meaning. That 1s any reference to
X comprising Y indicates that X may comprise only one Y
or may comprise more than one Y. If it 1s intended to use
‘comprise’ with an exclusive meaning then 1t will be made
clear mm the context by referring to “comprising only
one . ..” or by using “consisting”.

In this description, reference has been made to various
examples. The description of features or functions in relation
to an example indicates that those features or functions are
present in that example. The use of the term ‘example’ or
‘for example’ or ‘can’ or ‘may’ in the text denotes, whether
explicitly stated or not, that such features or functions are
present 1n at least the described example, whether described
as an example or not, and that they can be, but are not
necessarily, present in some of or all other examples. Thus
‘example’, ‘for example’, ‘can’ or ‘may’ refers to a particu-
lar instance 1n a class of examples. A property of the instance
can be a property of only that instance or a property of the
class or a property of a sub-class of the class that includes
some but not all of the instances 1n the class. It 1s therefore
implicitly disclosed that a feature described with reference
to one example but not with reference to another example,
can where possible be used 1n that other example as part of
a working combination but does not necessarily have to be
used 1n that other example.

Although examples have been described 1n the preceding
paragraphs with reference to various examples, 1t should be
appreciated that modifications to the examples given can be
made without departing from the scope of the claims.

Features described 1n the preceding description may be
used 1n combinations other than the combinations explicitly
described above.

Although functions have been described with reference to
certain features, those functions may be performable by
other features whether described or not.

Although features have been described with reference to
certain examples, those features may also be present 1n other
examples whether described or not.

The term ‘a’ or ‘the’ 1s used 1n this document with an
inclusive not an exclusive meaning. That 1s any reference to
X comprising a/the Y indicates that X may comprise only
one Y or may comprise more than one Y unless the context
clearly indicates the contrary. If 1t 1s intended to use ‘a’ or
‘the’ with an exclusive meaming then i1t will be made clear in
the context. In some circumstances the use of ‘at least one’
or ‘one or more’ may be used to emphasis an inclusive
meaning but the absence of these terms should not be taken
to mfer any exclusive meaning.

The presence of a feature (or combination of features) in
a claim 1s a reference to that feature or (combination of
teatures) 1tself and also to features that achieve substantially
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the same technical effect (equivalent features). The equiva-
lent features include, for example, features that are variants
and achieve substantially the same result 1n substantially the
same way. The equivalent features include, for example,
features that perform substantially the same function, 1n
substantially the same way to achieve substantially the same
result.

In this description, reference has been made to various
examples using adjectives or adjectival phrases to describe
characteristics of the examples. Such a description of a
characteristic 1n relation to an example indicates that the
characteristic 1s present in some examples exactly as
described and 1s present in other examples substantially as
described.

Whilst endeavoring 1n the foregoing specification to draw
attention to those features believed to be of importance 1t
should be understood that the Applicant may seek protection
via the claims 1n respect of any patentable feature or
combination of features heremnbefore referred to and/or
shown 1n the drawings whether or not emphasis has been
placed thereon.

I claim:

1. An antenna arrangement comprising:

a patch radiator;

a feed arrangement, for the patch radiator; and

a cavity for the feed arrangement,

wherein the feed arrangement comprises an elongate slot,

forming a closed loop, 1n a conductive layer located
between the patch radiator and the cavity, and wherein
the slot 1s sinuous comprising multiple bends of dif-
ferent handedness.

2. An antenna arrangement as claimed 1n claim 1, wherein
the feed arrangement comprises at least two feed conductors
arranged adjacent the conductive layer wherein each of the
feed conductors extend over different portions of the slot.

3. An antenna arrangement as claimed 1n claim 2, wherein
the feed conductors extends across the slot in a direction
perpendicular to the slot, and wherein the feed conductors
have different orientations.

4. An antenna arrangement as claimed in claim 2, wherein
the feed conductors have diflerent orientations that are
mutually oflset by 90°.

5. An antenna arrangement as claimed in claim 1, wherein
the slot 1s galvanically separated from the patch radiator.

6. An antenna arrangement as claimed 1n claim 1, wherein
the feed arrangement comprises a {irst pair of feed conduc-
tors that extend over different portions of the slot, are
aligned and are oriented 1n a first direction and wherein the
feed arrangement comprises a second pair of feed conduc-
tors that extend over different portions of the slot, are
aligned and are ornented 1 a second direction that is
orthogonal to the first direction.

7. An antenna arrangement as claimed 1n claim 6, wherein
the feed arrangement i1s a balanced feed arrangement
wherein at an operational frequency band, conductive inter-
connects to the first pair of feed conductors, of different
lengths, introduce a 180° phase diflerence between the first
pair of feed conductors which are connected as open-circuit
and conductive interconnects to the second pair of feed
conductors, of different lengths, introduce a 180° phase
difference between the second pair of feed conductors.

8. An antenna arrangement as claimed 1n claim 1, wherein
the conductive layer 1s planar.

9. An antenna arrangement as claimed 1n claim 1, wherein
the patch radiator 1s rotationally symmetric.

10. An antenna arrangement as claimed i claim 1,
wherein the patch radiator has a first dimension in a first




US 11,695,218 B2

9

direction that corresponds to half a wavelength at an opera-
tional frequency band of the antenna arrangement and has a
second dimension 1n a second direction that corresponds to
half a wavelength at the operational frequency band of the
antenna arrangement.

11. An antenna arrangement as claimed in claim 1,
wherein the patch radiator has a three-dimensional shape.

12. An antenna arrangement as claimed in claim 1,
wherein one of an exterior perimeter of the patch radiator
and an exterior perimeter of the slot are circular.

13. A base station comprising an array ol antenna arrange-
ments, wherein

at least one of the array or antenna arrangements com-

Prises:

a patch radiator;

a feed arrangement, for the patch radiator; and

a cavity for the feed arrangement,

wherein the feed arrangement comprises an elongate slot,

forming a closed loop, mm a conductive layer located
between the patch radiator and the cavity, and wherein
the slot 1s sinuous comprising multiple bends of dii-
ferent handedness.

14. A base station as claimed 1n claim 13, wherein the feed
arrangement ol the at least one of the array of antenna
arrangements comprises at least two feed conductors
arranged adjacent the conductive layer, and wherein each of
the feed conductors extend over diflerent portions of the slot.

15. A base station as claimed in claim 13, wherein the feed
arrangement ol the at least one of the array of antenna
arrangements comprises a first pair of feed conductors that
extend over diflerent portions of the slot, are aligned and are
ortented 1n a first direction and wherein the feed arrange-
ment comprises a second pair of feed conductors that extend
over different portions of the slot, are aligned and are
oriented 1n a second direction that 1s orthogonal to the first
direction.

16. A base station as claimed 1n claim 15, wherein the feed
arrangement 1s a balanced feed arrangement wherein at an
operational frequency band, conductive interconnects to the
first pair of feed conductors, of different lengths, introduce
a 180° phase difference between the first pair of feed
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conductors which are connected as open-circuit and con-
ductive interconnects to the second pair of feed conductors,
of different lengths, introduce a 180° phase diflerence
between the second pair of feed conductors.

17. A base station as claimed in claim 13, wherein the
patch radiator of the at least one of the array of antenna
arrangements has a first dimension 1n a first direction that
corresponds to half a wavelength at an operational frequency
band of the at least one of the array of antenna arrangements
and has a second dimension in a second direction that
corresponds to half a wavelength at the operational fre-
quency band of the at least one of the array of antenna
arrangements.

18. A base station as claimed 1n claim 13, wherein one of
an exterior perimeter of the patch radiator and an exterior
perimeter of the slot are circular.

19. An antenna arrangement comprising:

a patch radiator;

a feed arrangement for the patch radiator; and

a cavity for the feed arrangement,

wherein the feed arrangement comprises a slot 1 a

conductive layer located between the patch radiator and
the cavity,

wherein the feed arrangement comprises (1) a first pair of

feed conductors, of different lengths, that extend over
different portions of the slot, and are aligned and
oriented 1n a first direction and (11) a second pair of feed
conductors, of different lengths, that extend over dii-
ferent portions of the slot, and are aligned and oriented
in a second direction that 1s orthogonal to the first
direction,

wherein the feed arrangement comprises a balanced feed

arrangement, and

wherein at an operational frequency band, conductive

interconnects to the first pair of feed conductors intro-
duce a 180° phase difference between the first pair of
feed conductors, which are connected as open-circuit,
and conductive interconnects to the second pair of feed
conductors ntroduce a 180° phase difference between
the second pair of feed conductors.
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